Background--Retrieval of vena cava filters (VCFs) is important for safety as complications increase with longer dwell times. This study assessed VCF retrieval rates and factors associated with retrieval in a national cohort.
V ena cava filters (VCFs) are used to mechanically prevent thrombi from migrating to the pulmonary circulation. Generally, VCFs are reserved for patients who have absolute or relative contraindications to anticoagulation and who are at a high risk of recurrent venous thromboembolism (VTE). [1] [2] [3] With the advent of retrievable VCFs, there has been a marked increase in overall use. [4] [5] [6] Retrievable VCFs differ in that they can be removed once contraindications have subsided and patients can be initiated on anticoagulation.
In real-world settings, retrieval rates of VCFs have been dismal, with reports ranging from 10% to 50% and an estimated average near 30%. 7, 8 Poor retrieval rates correspond to an increase in reported adverse events. 7 Complications associated with VCFs include increased risk of deep vein thrombosis (DVT), inferior vena cava thrombosis, inferior vena cava penetration, VCF fracture, and VCF embolization. 7, [9] [10] [11] Given these trends, the US Food and Drug Administration has issued a safety communication highlighting the need to remove VCFs once the risk of pulmonary embolism (PE) has subsided based on modeling studies showing that VCFs are most clinically beneficial if retrieved within 90 days after implantation. 11, 12 Given the continued growth in VCF use and the variation that has been observed between institutions, [13] [14] [15] [16] [17] assessment of what factors drive retrieval rates and timing of anticoagulation on a national scale is needed to evaluate clinical practice. 18 This study sought to evaluate the trend in retrieval rates and patient factors associated with retrieval as well as the association between retrieval and anticoagulation. While retrieval rates were expected to increase over time, we hypothesized differential retrieval based on indication and patient characteristics. Furthermore, we hypothesized there would be a weak association between retrieval and anticoagulation, although treatment with anticoagulation generally indicates there would no longer be a continued need for an indwelling VCF.
Methods Data Source
This observational cohort study utilized the Truven Health Analytics MarketScan database, which are administrative healthcare claims data including medical diagnostic and procedural information and pharmacy fill records billed to an individual's health insurance. The data include information for 40 million unique individuals per year. The university's Institutional Review Board approved use of the data and waived the requirement for informed consent of participants given that the data are de-identified and collected for nonresearch purposes.
Cohort Identification
All patients during the years 2010 to 2014 who had a VCF placed were identified using Current Procedural Terminology (CPT: 37191, 37620, 35940) and International Classification of Diseases, 9th revision (ICD-9: 38.7) procedural codes. The indication for VCF was identified by ICD-9 diagnosis codes as PE (415.1x) with or without DVT, DVT only (451.xx or 453.xx), or no apparent VTE (prophylactic). 19, 20 To increase the validity of these indication diagnoses, only the primary diagnosis field was used. For inclusion, patients were required to be 18 years old or older and have a minimum of 6 months of eligibility in the database before VCF placement. Conditions and procedures present during VCF implantation were recorded. Concurrent bleeding, unstable condition, sepsis or septic shock, infection, anemia, trauma, and pregnancy were all recorded using ICD-9 diagnosis codes. 13, 20 Patients receiving thrombolytic therapy, embolectomy procedures, or major surgery were identified using a combination of procedural codes. 21 Patients who died during the hospitalization during which the VCF was placed were also noted. Comorbid conditions observed in the pre-index period consisted of Charlson comorbidities along with a Charlson Comorbidity Index, which represents the overall "comorbidity burden" widely used for risk adjustment.
Cohort Characteristics
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Outcome Events
The primary outcome was VCF retrieval identified by CPT (37 193, 37 203 ) and ICD-9 (38.7) procedure codes. Given that the ICD-9 procedure code for placement and retrieval is the same, retrievals for those patients only having the ICD-9 procedure code present had to be on separate days to record retrieval. However, since CPT codes and not ICD-9 codes are used for billing purposes, patients lacking the CPT codes were the exception, with >95% of all patients having CPT codes recorded. Patients were followed forward from the VCF placement until the VCF was retrieved, they died, they were lost to follow-up, or the end of the study period. The 30-, 60-, 90-, 180-day, and 1-year cumulative incidence of VCF retrieval was estimated using Fine and Gray's time-to-event, survival analysis methodology, accounting for death as a competing risk. 24 Time to VCF retrieval was also reported.
Time to Anticoagulation Initiation
Anticoagulation initiation was assessed as the first outpatient prescription for an injectable (dalteparin, enoxaparin,
Clinical Perspective
What Is New?
• This is the first known study to examine retrieval rates for vena cava filters (VCFs) in a national cohort.
• The results are consistent with prior meta-analyses of single institution retrieval rates showing about a 25% to 30% retrieval rate of all placed.
• Despite safety warnings for indwelling VCFs, most remained in place and were poorly correlated with initiation of anticoagulation.
• Retrieval rates were strongly dependent on age, with older patients less likely to have retrieval, patient residence, prophylactic indication for VCF placement (no thrombosis present), and having VCF placement in more recent years.
What Are the Clinical Implications?
• The US Food and Drug Administration has suggested that VCFs be removed once clinically appropriate to avoid complications.
• These warnings were in response to many reports of VCF failures including device fractures and penetration of the vena cava that were associated with indwell time.
• In order to maximize the net clinical benefit of VCFs, patients should be initiated on anticoagulation once contraindications have abated and VCFs should be removed.
• Utilization of VCFs and subsequent retrieval rates vary widely by geography, suggesting that institutions and clinics should evaluate their practices to better ensure patient safety.
tinzaparin, fondaparinux) or oral (warfarin, dabigatran, rivaroxaban, apixaban) anticoagulant. Those with prophylactic indications ("no VTE") were excluded as they might not have indications for anticoagulation on discharge. Furthermore, those who had VCF retrieval before discharge were excluded. Time to anticoagulation was compared with the time to retrieval and described for those who did not have retrieval during follow-up. Time for both events was calculated based on the date of discharge from a hospitalization since the filled prescriptions data would not be available until hospital discharge occurred.
Time-to-Event Analysis
To identify factors associated with VCF retrieval, we developed a Cox proportional hazards model including patient characteristics. The proportionality assumption for all variables was evaluated for using Schoenfeld residuals as well as using time as an interaction term for each variable. Both methods showed that this assumption held true. Because of collinearity with age, Medicare or commercial insurance status was excluded in the model. Two models were estimated predicting 90-day and 1-year retrieval. The 90-day time point was chosen to represent "early retrievals" and was consistent with a prior modeling study showing higher net clinical benefit if removed in <90 days. 11 Patients who had not had retrieval or had not died at the end of the 90-day or 365-day period were censored. Hazard ratios and their 95% confidence intervals were estimated. All analyses were conducted using SAS Enterprise Guide version 7.1 (Cary, NC) with significance level of a=0.05 for all statistical analyses.
Results
Patient Characteristics
During 2010 to 2014, 54 766 patients received a VCF and met the eligibility requirements to be included in the study. Of these, 36.9% presented with a PE, 43.9% with DVT alone, and 19.2% had no apparent VTE present ( Table 1 ). The mean (SD) age of the cohort was 65 (16) years old, 51% were female, and they were geographically diverse with nearly 85% residing in urban areas. Insurance details included 13.9% of the cohort having a primary care provider and 8.6% having insurance with full or partial capitated payments. A total of 1628 (3.0%) of the cohort died during the initial hospitalization and were not included in subsequent analyses. Overall, 14.3% (N=7619) of the cohort who survived the index hospitalization had the VCF retrieved within 1 year and 8% (N=4228) died (Table 2 ). For those who had retrieval, the mean (SD) time to retrieval was 93 (78) days, with a median of 71 days and interquartile range (IQR) of 35 to 130 days. Those with PE had the highest mean and median times to retrieval (101 and 81 days) compared with those with DVT only (91 and 68 days) and compared with those with no VTE (83 and 61 days, P<0.001 for all comparisons). Figure 1 shows the cumulative incidence of VCF retrieval by the index indication and Table 3 shows the cumulative incidence for selected variables. At 1 year, retrieval was highest for those with no VTE on index, reaching nearly 25% (23.9-25.8%). Retrieval increased with each year of study, going from 14.0% (13.3-14.7%) in 2010 up to 38.2% (19.4-57.0%, skewed by low follow-up time) in 2014 (P<0.001 for trend excluding 2014 data). Data from 2014 allowed for smaller sample size for 1-year of follow-up. However, trends were consistent across smaller time frames for 2014 and showed a year-over-year increase in retrieval at all time points. Differences in retrieval between age groups were significant, with younger age groups having higher retrieval. For example, those aged 18 to 34 had 1-year retrieval of 42.8% (40.4-45.2%) while retrieval in those 75 years old and older was just 5.4% (5.0-5.8%, P<0.001).
Factors Related to Retrieval
In fully adjusted analyses (Table 4) , age remained significantly associated with VCF retrieval at both 90 days and 365 days of follow-up, although the association was much stronger for the 1-year model. Patients with no VTE were more likely to have retrieval compared with those with DVT only, and there was no difference in retrieval between those with PE compared with those with DVT. Geographic region was also significant, with those residing in the North Central (90 days and 1 year) and West (1 year only) regions being more likely to have retrieval compared with those in the Northeast.
Year of filter placement was modeled both as a covariate as well as used to stratify the analysis. In stratified analysis, no differences were observed between the covariates and their association with VCF retrieval compared with the base model with year as a covariate. As a covariate, each year of VCF placement was associated with increased 90-day and 1-year retrieval compared with year 2010. For the final year 2014, this corresponded to nearly a 2-fold difference in retrieval rate compared with 2010 (hazard ratio=1.90, 95% confidence interval, 1.76-2.06).
Time to Anticoagulation
During follow-up, the data set had follow-up prescription information for 37 272 persons in the cohort with DVT/PE Figure 2 ). For those who never had retrieval, there was a median of 278 (IQR 98-350) days of anticoagulation treatment during the 1-year follow-up period.
Discussion
In PREPIC2 (Prevention du Risque d'Embolie Pulmonaire par Interruption Cave 2), the only randomized trial for retrievable VCFs, the retrieval rate was >90% with a dedicated 3-month follow-up visit. 25 However, in real-world practice, estimates of the retrieval rates range much lower, with an average of about one third of all VCFs eventually being retrieved. 7 Patients are at risk for complications including inferior vena cava thrombosis, device fracture, device migration, and DVT so long as compared with guidelines presented by other physician societies in interventional radiology and trauma. 27, 28 For those who did have their VCF retrieved in our study, time to retrieval was within mean and median times of 93 and 71 days postimplantation. However, retrieval was poorly correlated with anticoagulation initiation. Several patient-related factors were also associated with retrieval, including demographic and clinical characteristics. Increasing age of the patient was associated with lower retrieval, which likely contributed to perceived ongoing risk of PE or a desire to not treat older individuals with anticoagulation. Region of residence was also strongly associated with retrieval, which may indicate regional practice differences as well as differences in patient demography. Patients living in an urban setting were more likely to have their filter retrieved as well, suggesting that patients being referred to a distant medical center for VCF placement may have limited follow-up for retrieval. Among patient comorbidities, those considered prothrombotic (eg, cancer, stroke, hyperlipidemia, myocardial infarction) and related to bleeding (eg, liver disease) were associated with lower retrieval.
Other studies investigating factors associated with retrieval rates have focused on poor patient follow-up as the primary reason VCFs are not removed. [29] [30] [31] [32] [33] Patient follow-up is generally left to the referring or primary physician, with some studies showing improved retrieval if the responsibility of follow-up is placed on the implanting physician instead. [32] [33] [34] In institutions where the implanting physicians are made responsible for patient follow-up, retrieval rates have increased from 24% to 59% and 29% to 60%. 32, 33 While there is inherent concern for patient safety associated with these low retrieval rates, clinical practices are also financially incentivized to increase retrieval of VCFs. One study showed that because of the increased cost between DVT indicates deep vein thrombosis; VCF, vena cava filter; PE, pulmonary embolism; VTE, venous thromboembolism. *Estimates for long-term follow-up in 2014 are unstable because of smaller sample sizes. Extrapolation of 2014 6-month estimates with the overall trend in retrieval rates across 2010 to 2014 produce a retrieval estimate of 23% to 25%. 34 Even without the cost differential between permanent and retrievable devices, it is inherent that clinic revenue will be increased with improved patient follow-up, management, and retrieval. At least 1 study at a single institution evaluated the financial feasibility of implementing a quality improvement initiative within their clinical practice. 35 They compared baseline retrieval rates with those achieved by issuing letters to patients and then with those achieved with prospective follow-up of patients. Overall, their retrieval rates increased from 8% to 40% with mailed letters to retrospective patients, and increased further up to 52% with prospective follow-up of new patients. Although improving VCF retrieval requires a shift in patient management, retrieval will improve patient outcomes and provides financial incentive to the clinic.
Limitations
This study has limitations inherent to all studies utilizing administrative claims data. 36, 37 Most notably, detailed clinical data are not available, which may have impacted the study results. Procedural codes were utilized to identify VCF placement; however, these codes are not specific to permanent or retrievable devices. As of 2006, retrievable devices made up about 85% of the VCF market in the United States, which likely increased to >90% since then. [38] [39] [40] [41] Therefore, the retrieval estimates presented here are underestimated. Assuming that 10% to 20% of all VCFs used are permanent and thus cannot be retrieved, this would make our estimated retrieval 26% to 30%, making this corrected estimate near previous estimates of national retrieval rates of 30%.
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We allowed enrollment of patients in 2014, but those enrolled later in 2014 would have limited follow-up, which skewed the estimates of cumulative retrieval at 365 days. However, the increasing trend in retrieval rates is stable across estimates at earlier time points (30, 60, 90 , and 180 days) in 2014. Extrapolating these stable estimates from 180 days to 365 days across all years shows a trend increasing year-to-year of +2% to 4%. Therefore, we have estimated that with perfect follow-up for those enrolled in 2014, the retrieval estimate would be nearer 23% to 25%.
It is unclear how selection of retrievable versus permanent devices would differ between, for example, older versus younger patients or in cancer patients with poor prognosis, adding some uncertainty to the comparison of retrieval between certain relevant groups. However, in contemporary patients, use of retrievable VCFs (also referred to as "optional" VCFs because they can be left permanently or retrieved when clinically indicated) may be a more preferred therapeutic option allowing for flexibility in care versus nonretrievable alternatives. Thus, while there may be a differential influence of this limitation, the results are still interpretable to identify patient subgroups that are less likely to receive, as well as to not have retrieval of, retrievable VCFs. Therefore, the trend showing an increase in retrieval rates likely indicates both a trend in uptake of retrievable VCFs as well as increased retrieval rates. More work will be needed with detailed clinical data to determine differences in selection of permanent versus retrievable treatment options. Lastly, routine medications administered during a hospital stay are often omitted from billing records because of capitated payment systems. Thus, we did not attempt to observe use of anticoagulation during the hospital stay because it would be unreliably reported or unreported.
Conclusion
In this national study of VCF retrieval, less than 1 of every 4 filters was retrieved within 1 year. Retrieval rates differ based on patient characteristics but increased over the study time period (2010-2014), while retrieval and initiation of anticoagulation were poorly correlated. Physicians should consider ongoing indications for indwelling VCFs and timing of retrieval with anticoagulation initiation throughout follow-up to optimize patient care.
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